Introduction
Since the introduction of drug eluting stent (DES) deployment in clinical practice during percutaneous coronary interventions (PCI), DES became default PCI strategy with safety and efficacy shown in almost all clinical and angiographic scenarios. [1] [2] [3] [4] Nevertheless, the role of bare-metal stents (BMS) in some circumstances still prevailed. Concerns about a higher risk of bleeding in elderly patients or noncompliance with the mandatory dual-antiplatelet therapy (DAPT) are still a limitation for DES use. [5] [6] [7] On this account, BMS have not been discarded, and their use during PCI procedures in very elderly patients and even in patients with ST elevation myocardial infarction (STEMI) has been currently reported in our country in 70% of all cases. 6, 7 2
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In addition, recent randomized clinical trials (RCT) such as NORSTENT or ISAR-CABG demonstrated a similar incidence of adverse events and quality of life between BMS and DES at 5 years of follow-up, suggesting that the use of BMS in clinical practice should not be discharged and still holds its place, clearly not only because of socioeconomic reasons. 8, 9 In fact, the late loss of the initial benefit of DES compared either to coronary artery bypass grafting (CABG) or BMS has been observed 10 in previously published studies such as MAIN COMPARE, 11 who reported a late loss of the initial benefit with DES compared with either BMS or coronary bypass surgery (CABG) at 10 years of follow-up in patients with left main coronary artery (LMCA). Finally, a recent meta-analysis from all RCT compared mortality rates in stents vs CABG at late follow-up and benefits in favor to CABG were only seen in the DES group of patients. 12 The purpose of the WALTZ registry was to perform a multicenter, single-arm, observational study with a novel cobalt chrome stent design in a wide clinical spectrum of patients with coronary artery disease (CAD), including left main, multiple-vessel disease and evolving acute myocardial infarction (MI). Hereby, we report for the first time 1-year follow-up results of this registry.
Methods

Study design
Protocol and study design were already previously mentioned. 13, 14 All investigators reviewed and approved final version of the manuscript. A complete list of investigators responsible for patient inclusion appears in Appendix 1.
Briefly, the WALTZ registry was a prospective, observational, single-arm, multicentre, all-comers registry that enrolled subjects with a severe (⩾70%) coronary artery lesion in a native artery with reference diameter by visual estimation ⩾2.50 mm to ⩽4.00 mm in a consecutive population.
The study will be considered complete (regarding the primary endpoint) after all subjects have completed the 12-month primary endpoint. Between August 2016 and February 2017, 2068 patients were screened in 11 sites in Argentina. Patient screening was described in Figure 1 ; 1867 patients were excluded because they did not meet the inclusion criteria, thus 201 patients (9.7%) were included in the registry and are the subject of the study.
Reasons for exclusion were as follows: refused to sign informed consent, better candidate for DES implantation according to site investigator's assessment, unable to take longterm DAPT, short life expectancy, major bleeding within the last 6 months, pregnancy, in-stent restenosis, thrombocytopenia or leukopenia, poor left ventricular ejection fraction (LVEF < 30%), a known allergy, and previously planned staged PCI (Figure 1 ).
Stent design
Stent design allowed in this study was a cobalt chromium alloy stent (WALTZ™; MicroPort Corp., Shanghai, China).
Design of the stent includes uniform sine wave and "S" links that offer excellent balance between supporting and enhanced radial strength, flexibility, trackability, and pushability. Strut thickness of the stent was 86.3 µm with a crossing profile of 0.093 mm. The open cell design of the struts also allows an easy side branch access. Metal covered area between 11.6% and 14.3%. Design and characteristics of this stent were previously described in detail. 13, 14 Endpoints Primary Primary endpoint was the incidence of major adverse cardiac events (MACE) at 1-year follow-up. The MACE was defined as a composite of cardiac death (if the event could not be determined with certainty, it would be assumed to be cardiac), MI (both ST and non-ST elevation), and any ischemic-driven target lesion revascularization (TLR). However, endpoints were also measured at 30 days and 6 months of follow-up.
Secondary
Secondary endpoints included the composite of cardiac death, MI, and cerebrovascular accident (CVA); TLR and target vessel revascularization (TVR); stent thrombosis 15, 16 ; and any individual components of MACE. The TVR refers to an ischemic-driven revascularization of the treated coronary artery.
As a "post hoc" analysis, we also correlated freedom from adverse events at 1 year with residual angiographic risk scores after PCI. In the WALTZ registry, original SYNTAX score (SS) 17 was calculated; however, we also used a modification of the original SS, the ERACI risk score (ES), excluding from the analysis all intermediate (⩾50 to <70 visual estimation) lesions and/or severe stenosis (⩾70%) in vessels <2.0 mm. This new score was in agreement with the PCI strategy used in the study and was reported in detail elsewhere. 18, 19 
Eligibility Criteria for the Study
Inclusion criteria
The study enrolled "real-world, all-comers" patients eligible for PCI with lesions suitable for stent implantation. Inclusion criteria were selected to reflect patients who would be eligible in routine clinical practice ("real-world, all-comers" patients).
Patients had to meet all of the following inclusion criteria: be at least 18 years old, need a treatment with WALTZ BMS, have the presence of one or more coronary artery stenosis in a native coronary artery from 2.50 to 4.0 mm in diameter that could be covered with one or multiple stents, with LMCA, and no limitation on the number of treated lesions, vessels, and lesion length.
Exclusion criteria
Subjects were excluded from the study if they have had any of the following: • • Left ventricular ejection fraction <30%.
• • Life expectancy less than 1 year.
• • Contraindication for DAPT therapy.
The full description of inclusion and exclusion criteria is shown in Table 1 .
DAPT was required for all included patients. Aspirin ⩾300 mg was administrated orally at least 1 hour prior to catheterization and an oral loading dose of thienopyridines: either clopidogrel (300-600 mg), prasugrel (60 mg) or ticagrelor (180 mg), preferably, but not mandatory, ⩾6 hours prior to procedure. During PCI, unfractionated heparin was recommended as necessary to maintain an activated clotting time as current guidelines suggested. Alternatively, enoxaparin, bivalirudin, or other antithrombotic agents could be administrated Table 1 . Inclusion and exclusion criteria.
Inclusion criteria: clinical and angiographic CI1. Subject must be at least 18 years of age. CI2. Subject (or legal guardian) indicates understanding of the trial requirements and the treatment procedures and provides written informed consent before procedures are performed. CI3. Subject is eligible for percutaneous coronary intervention (PCI). CI4. Subject has symptomatic coronary artery disease or silent ischemia with objective evidence of ischemia or acute coronary syndromes and qualifies for PCI. CI5. Subject is an acceptable candidate for coronary artery bypass grafting (CABG). CI6. Subject has a left ventricular ejection fraction (LVEF) >34% as measured within 60 days prior to enrollment. CI7. Subject is willing to comply with all protocol-required follow-up evaluations. AI1. Subject has one or more coronary artery stenosis of ⩾50% in a native coronary artery with visually estimated reference vessel diameter (RVD) ⩾2.50 mm and ⩽4.0 mm. AI2. Coronary anatomy is likely to allow delivery of a study stent to the target lesions(s). Exclusion criteria: clinical and angiographic CE1. Subject has a known allergy to contrast (that cannot be adequately premedicated) and/or the trial stent system or protocol-required concomitant medications (eg, cobalt chromium alloy, stainless steel, all P2Y12 inhibitors, or aspirin). CE2. Planned surgery within 30 days after the index procedure. CE3. Subject has one of the following (as assessed prior to the index procedure):
• Other serious medical illness (eg, cancer, congestive heart failure) with estimated life expectancy of less than 12 months.
• Current problems with substance abuse (eg, alcohol, cocaine, heroin, etc).
• Planned procedure that may cause noncompliance with the protocol or confound data interpretation. CE4. Subject has a history of bleeding diathesis or coagulopathy or will refuse blood transfusions. CE5. Subject is participating in another investigational drug or device clinical trial that has not reached its primary endpoint, or that, in the opinion of the investigator, may cause noncompliance with the protocol or confound data interpretation. CE6. Subject intends to participate in another investigational drug or device clinical trial within 12 months after the index procedure. CE7. Subject with known intention to procreate within 12 months after the index procedure (women of child-bearing potential who are sexually active must agree to use a reliable method of contraception from the time of screening through 12 months after the index procedure). CE8. Subject is a woman who is pregnant or nursing (a pregnancy test must be performed within 7 days prior to the index procedure in women of child-bearing potential). Note: No restrictions are placed on the total number of treated lesions, treated vessels, lesion length, or number of stents implanted. AE1. Target lesion meets any of the following criteria:
• Restenosis from previous intervention. AE3. Subject has protected left main coronary artery disease. AE4. Subject has an additional clinically significant lesion(s) in the target vessel for which an intervention within 12 months after the index procedure may be required.
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Clinical Medicine Insights: Cardiology per standard of care and according to operator's discretion. Dual-antiplatelet therapy was maintained for at least 1 month after stent deployment, followed by acetylsalicylic acid (ASA) monotherapy indefinitely. In patients with ACS, DAPT was recommended for 1 year after PCI. A maintenance dose per day of 75 mg of clopidogrel, 10 mg of prasugrel, or 90 mg of ticagrelor was recommended.
The revascularization strategy was planned prior to the procedure, and the aim was to achieve complete functional (coronary flow reserve [CFR]) or "reasonable" incomplete revascularization (IR) arbitrarily defined when residual SS or ES was ⩽5.
Percutaneous revascularization was considered functionally complete if no residual severe stenosis (70% or more) remained in any major epicardial vessel and all severe stenosis had been successfully treated with stents. On the contrary, any residual scores above those numbers after PCI were classified as IR.
Staged procedure strategy was not allowed either in target or nontarget vessels and was an exclusion criterion. According to our previous PCI and stent deployment strategy, mild or intermediate stenosis was not treated and stents were indicated in severe stenosis only. Stents in small vessels (⩽2.0 mm) were usually not recommended to treat and were not to be included as part of the revascularization strategy. 17 The statistical package of SPSS v.17.0.1® (IBM, Armonk, NY, USA) was used to perform statistical analysis. Continuous variables were measured using the analysis of variance (ANOVA) test with Bonferroni correction and categorical variables using chi-square or Fisher exact test.
The continuous variables were expressed as average and standard deviation and the categorical variables MACE, MI, TLR, CVA, and cardiac death were expressed as percentages. KaplanMeier curves were used to compare outcomes with residual risk scores. Log rank test P < .05 was considered significant.
An independent data monitoring and clinical events committee adjudicated all reported events of MACE and other clinical events, including stent thrombosis. 9 They were responsible for controlling all reported adverse events and evaluating safety data. All the required patient's information needed to fulfill the research were incorporated to the database by each site's researchers, trained for that purpose, using a password-protected electronic case report form (CRF). The Cardiovascular Research Center (CECI) was responsible for the development of the protocol registry, database, e-CRF, and statistical analyses. Also, 25% of patients had a random onsite monitoring. The informed consent form (ICF) was approved by Argentina Department of Justice (Inspección General de Justicia [IGJ]). Database was also approved by this national bureau, following personal data protection law (Casefile Number SO4:0032164/16).
This registry has received exemption from ethics approval, given the fact that it is a postmarketing PHASE IV Registry by Health Regulatory Authorities (Administración Nacional de Medicamentos, Alimentos y Tecnología Médica [ANMAT]); although the ethical board committee of the Cardiovascular Research Center approved it. Protocol for the registry was presented before the National Argentine Administration of Food, Drug and Medical Technology (ANMAT), and they authorized us in writing to recruit patients. Each involved hospital authority also approved the protocol. The stent used was approved for routine PCI by ANMAT on February 19, 2016 (case file number 1-47-3110-3045/15-6). The registry followed Good Clinical Practice (GCP) and the Declaration of Helsinki for human research. All patients signed an ICF. As there is no case report in this registry, a statement on informed consent for publication was not required. The ANMAT authorities were aware of recruitment process and adverse events rate during the entire follow-up of the study.
Results
In-hospital and 30-day results were published in detail elsewhere previously. 13, 14 Patient population and study group (201 patients) are described in Figure 1 ; 9.7% of the screened population from 11 sites in Argentina were selected and included in the registry.
A list of hospital and operators is given in Appendix 1. Baseline demographics and clinical and angiographic characteristics of the population are described in Table 2 .
Demographic characteristics reflected the all-comers study population of the registry: 6.5% were 80-year-old or older patients, 22.5% were diabetics, 23% had previous revascularization, 6% had chronic obstructive pulmonary disease, 7.5% had a previous CVA, and 67.2% had ACS (32% of them with STEMI). Angiographic characteristics were described in Table 2 .
A total of 1.5 stent were implanted and 1.34 lesions treated per patient. Dual-antiplatelet therapy was selected according to operator's discretion; a loading dose of clopidogrel was taken by 52.3% of patients, whereas a loading dose of prasugrel and ticagrelor was taken in 11.4% and 36.3%, respectively.
Baseline initial SYNTAX score was ±11.8, but dropped to ±7.8 when ERACI score was measured (P = .0016 for comparison) as described in Table 3 .
In-hospital and 30-day results
There was no procedural related death in the overall cohort of 201 patients. One patient with STEMI and cardiogenic shock developed severe ventricular tachycardia and died 21 days after PCI while on a waiting list for a cardiac defibrillator implantation (0.5%). Two patients had MI, one STEMI and one non-STEMI; one of them had vessel closure due to stent thrombosis. The incidence of death + MI was 1.5% (3 of 201). Overall, MACE at 30 days was 1.5% (3 of 201). In-hospital and 30-day outcome are described in Table 4 .
After PCI, residual SYNTAX and ERACI scores were 5.4 ± 5.6 and 1.3 ± 2.9, respectively (P < .001). Despite average of SYNTAX score being low, degree of IR when using such Rodriguez et al 5 score risk was high; 42% of patients had lesions or vessels without treatment. In contrast, IR was only 10% (P < .001 for differences) if we used ERACI risk score. Meaning that 90% and 58% achieved CFR according to ERACI and SYNTAX risk scores, respectively (P < .001), as shown in Table 3 . Table 3 describes 30-day, 6-and 12-month, and cumulative follow-up results. One-year follow-up (mean 376 ± 18.1 days) was obtained in 100% of patients either by personal or phone contact.
One-year follow-up results
At 1 year, the primary endpoint of MACE was observed in 10.4% (21 of 201) of patients: death + MI + CVA in 3% (6 of 201) and cardiac death + MI + CVA in 1.5% (3 of 201).
Repeat unplanned revascularization in 9.4% (19 of 201) but TLR/TVR in 17 of 201 (8.4%). Only two patients had repeat revascularization in a non-TLR lesion (1%), which was not included in the initial PCI strategy. Definitive and probable late stent thrombosis was not seen. Cumulative follow-up events are described in Table 4 . Freedom from overall death + MI, MACE, and TVR was described in Figure 2A to C, respectively.
We made a comparison of survival events, MACE, using residual risk scores ⩽ or >5, with both risk scores SS and ES, and a Kaplan-Meir curve ( Figure 3A and B) was used for comparisons.
At 376 days of follow-up, residual SS ⩽5 or >5 was not predictive for freedom from MACE differences, 91.3% and 87.8%, respectively (P = .42); in contrast, residual ES ⩽5 or >5 was associated with significant differences of freedom from MACE, 97.7% and 87.3%, respectively (P < .04 log rank test), as shown in Figure 3 .
During follow-up, 56.4% of patients received clopidogrel, 18.8% prasugrel, and 24.8% ticagrelor; 4% of patients later switched to other thienopyridines. At 1-year follow-up, no statistical differences were seen between DAPT groups in MACE (P = .32). Clopidogrel was the most frequent thienopyridine used in patients with STEMI (P = .01).
Discussion
One-year results (mean 376 ± 18.1 days) of this real-world cohort of patients treated with PCI with a novel cobalt chromium alloy BMS showed a low incidence of cumulative adverse events. 6
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The low adverse events were observed during the entire follow-up period with an incidence of the primary composite endpoint of cardiac death, MI, and TLR of 10.4% ( Figure 2B and Table 4 ). These figures of adverse events were mainly due to the presence of TLR in 8.4% (90.5% of the overall MACE). Unplanned new revascularization was observed in 9.4%, meaning that only 2 patients (1%) required new revascularization in a lesion not included in the initial PCI strategy. This suggested that our conservative PCI strategy was correct. Incidence of death, MI, and CVA of 3% at 1 year was very low taking into consideration the baseline characteristics of the population included in the registry. The 100% compliance rate at 1 year of follow-up obtained in this registry is remarkably high and related to the close monitoring of the study (on site 25%), and also, the scientific quality of the investigators from each of the 11 sites involved in the registry.
Patients included in this study represent everyday PCI practice in Argentina with wide range of inclusion criteria such as multiple-vessel disease, diabetics, ACS including STEMI, and no age limit restriction ( Table 2) .
As we described previously, the high numbers of IR in patients with successful PCI was mainly explained by the presence of either severe stenosis in small vessels (<2.0 mm) or intermediate stenosis (<70) in large vessel. Often, WALTZ investigators did not include them in the revascularization strategy, in agreement with policies described by PCI operators using functional flow reserve. 20, 21 In a previous study, we reported 1-, 2-, and 3-year follow-up patients with complex multiple-vessel disease and unprotected LMCA, and we also found very low MACE rate, using the same conservative PCI revascularization strategy. [22] [23] [24] However, in that study, 22 ERACI IV, a second-generation DES was used and we did not know whether we would be able to achieve similar results with a BMS design such as the one used here. As expected, in the WALTZ registry at 1 year, a higher number of MACE compared with ERACI IV was seen. Still, 90% of these adverse events were caused by ischemic TLR, meaning BMS restenosis. Incidence of cardiac death + MI + CVA was similar between both studies (1.5% in WALTZ and 0.9% in ERACI; P = .44). 22 In the WALTZ registry, whether patients had single-or multiple-vessel CAD, TLR (and not new revascularization of non-TLR) was the main reason for failure at follow-up.
Finally, the findings of clopidogrel as the most frequent thienopyridine used in WALTZ registry, including patients with STEMI, are out of current guideline indication 25, 26 for DAPT therapy. This could be related to the low-income rate of the vast majority of patients included in the registry, and although none of the thienopyridines have a relationship to the differences in the late outcome, discussion of this finding is out of the scope of this presentation.
Study limitations
This study has limitations. First, it is a nonrandomized and only an observational study. Sample size is small although it represents the daily PCI practice in many sites of Argentina where the use of BMS reaches 50% of procedures and included all-comers patient population. Furthermore, 25% of patients had a random "on-site" monitoring design, which is unusual for this sort of registry. That is the reason we called it "controlled."
In addition, the use of BMS instead of DES could be another limitation and we understand that DES today is the default stent strategy during PCI. However, the lack of mortality benefit of DES over BMS when compared with coronary artery bypass surgery shown by large meta-analysis from RCT 12 and registries suggested that the place of BMS in the armamentarium of PCI is not gone yet.
Finally, visual assessment of coronary lesions or vessels diameter is not the most accurate method to evaluate functional revascularization. However, fractional flow reserve (FFR) also has well-known anatomical limitations, and measuring FFR could be challenging, 27,28 plus it is not always available in many catheterization laboratories around the world at the time of PCI. Finally, 2 recent RCT reported a lack of clinical benefit with FFR use. 29, 30 In conclusion, this prospective, multicenter, and observational all-comers registry with this novel BMS design showed a low incidence of adverse events at 1 year mainly due to coronary restenosis.
